Objectives-Mounting evidence suggests that asbestos fibres can stimulate alveolar macrophages to generate the potent inflammatory and fibrogenic mediator, tumour necrosis factor-alpha (TNF-a), and that this may play an important part in the onset and development of airway inflammation and lung fibrosis due to asbestos fibre inhalation. Little is known, however, about the ability of other mineral fibres to initiate formation and release of TNF-a by alveolar macrophages. 
It is now well known that inhalation of asbestos fibres can cause inflammatory response and fibrogenic lung disease in humans and experimental animals.' The cellular mechanisms behind these processes have not been clarified in detail, but several studies have indicated that alveolar macrophages play an important part in the onset and development of inflammatory and fibrogenic lung disease through their ability to release inflammatory mediators.2 Tumour necrosis factoralpha (TNF-a)' has been pointed out as a mediator of particular interest, because of its wide spectrum of biological activities. The TNF-a augments neutrophil and eosinophil functions,45 modulates endothelial cell haemostatic properties and surface antigens, 6 and stimulates fibroblast growth. Increased TNF-a release from human alveolar macrophages after exposure to asbestos fibres has been reported8; indeed, of a number of factors measured, only TNF-a was raised in response to chrysotile asbestos exposure in vitro. 8 Similarly, increased production of TNF-a was found in rat alveolar macrophages exposed to chrysotile A in vitro,9 and in rat bronchoalveolar leucocytes after in vivo instillation of crocidolite in a rat intratracheal instillation model.'0 Crocidolite asbestos in vitro also stimulated normal bronchoalveolar lavage leucocytes to release significantly increased amounts of TNF-a.'0 Moreover, in a murine model of asbestosis, intratracheal instillation of chrysotile A caused increased production of TNF-a from bronchoalveolar cells." Altogether, these findings suggest that asbestos fibres stimulate alveolar macrophages to produce TNF-a, which can be involved in pulmonary inflammation and fibrosis.
The risk of developing lung inflammation and fibrosis due to occupational exposure to most synthetic fibres is generally considered low.'2 Current in vitro and animal data, however, indicate an increased risk of developing lung inflammation and fibrosis after exposure to certain synthetic fibres.'3 The three main classes of synthetic (man made) mineral fibres are fibrous glass, rock or slag wool, and refractory ceramic fibres (RCFs). Recent Component  SiO2  50-87  39-1  38-6  46-2  38-35  47-7  0 5   A120,   0 05  0-6  2-0  13-0  10-55  48-0  0-08   Cr2,03   1-0  0-2   --0-03  0 05  Fe2O,  21-41  0-88  1-14  7 00  0 30  0-97  0 05  TiO2  0-01  0-01  0-03  2-95  0 pathogen free conditions. After anaesthesia with a lethal dose of sodium pentobarbitone the lungs were excised, and bronchoalveolar lavage was performed with 6-8 ml aliquots of a total of 50 ml of ice cold calcium and magnesium free phosphate buffered saline (PBS) containing 0-2 mM ethylene diamine tetraacetate (EDTA). The lavage fluid was centrifuged at 500 g for 10 minutes, and the cell pellet was washed by resuspending in PBS. points and compared them with controlsthat is, alveolar macrophages exposed to medium alone (data not shown). We then found that macrophages exposed to 100 jug/ml of crocidolite showed a significant (P < 0 05 v controls) rise in TNF-a mRNA concentrations after 90 minutes of incubation ( fig 2) . This was followed by a significant (P < 0 05 v controls) augmentation in TNF-a bioactivity released to the culture medium after four hours of incubation (fig 2) . The TNF-a mRNA had returned to baseline concentrations by four hours. Based on these findings we chose to investigate the effects of all other fibres in the study at a concentration of 100 yug/ml after 90 minutes and four hours of incubation. The dose of 100 jug/ml of chrysotile A has previously been used by others to show production of TNF-a in macrophages. I 
EFFECT OF VARIOUS FIBRES ON INDUCTION OF TNF-a mRNA
To determine whether other fibres than crocidolite had a similar ability to induce increases in synthesis of TNF-a mRNA, we incubated macrophages in the presence of various fibres, or medium alone (control). Figure 3 shows a northern blot analysis of TNF-a mRNA recovered from the cells after 90 minutes of fibre exposure. There were considerable differences in the amounts of mRNA in the different lanes, probably due to variations in the total recovery of mRNA from the different cell lysates. To adjust for these differences, the amount of TNF-a mRNA was divided by the amount of fi-actin mRNA in each case; fig 4) . The 
EFFECT OF VARIOUS FIBRES ON TNF-a RELEASE
To investigate whether the augmented TNF-a mRNA formation also led to enhanced protein synthesis and release, we measured TNFa bioactivity in the medium. These findings are in accordance with our investigation, in which chrysotile A (100 ,ug/ml) caused a threefold increase (v control) in production of TNF-a after four hours of exposure, and crocidolite a twofold increase (table 3) . Also, significant production of TNF-a (twofold increase v control) was found after exposure to chrysotile B. Our study also shows that the asbestos induced production of TNF-a was preceded by a significant increase of the TNF-a mRNA concentrations in the cells. This strongly suggests that the increase in production of TNF-a was not due solely to release of preformed TNF-a, but that the exposure to asbestos caused increased transcription of the TNF-a gene and subsequent protein synthesis. Increased TNF-a bioactivity was found after four hours of incubation, whereas increased TNF-a mRNA was found after only 90 minutes. The increases in TNF-a mRNA were transient, and returned to control concentrations after four hours of incubation (except in the case of chrysotile A). This could be explained by the action of a unique ribonuclease, degrading mRNAs with sequences rich in adenosine and uridine." The induction of such a ribonuclease by the same external stimuli that cause formation of TNF-a mRNA may be implicated as a protective mechanism.22 It is possible that, in the case of chrysotile A, the sustained increase in TNF-a mRNA after four hours of incubation (and the pronounced formation of TNF-a at that time) was due to less activation of this ribonuclease. Alternatively, the differences between different fibres may be related to their ability to release prostaglandin E2, which is known to suppress expression and bioactivity of TNF-a mRNA." Although the detailed mechanisms remain to be elucidated, our results clearly indicate that various asbestos fibres (chrysotile A, chrysotile B, and crocidolite) stimulate the formation of TNF-a mRNA and ensuing release of TNF-a by alveolar macrophages.
As well as the asbestos fibres, several man made fibres-a rock wool (MMVF 21), a ceramic fibre (RCF 1), and a silicon carbide whisker (SiCwh)-all caused significant increases in TNF-a mRNA after 90 minutes of incubation (table 3) . As with crocidolite and chrysotile B, the increase in TNF-a mRNA were transient and control concentrations were reached after four hours of incubation. Unlike the situation with the asbestos fibres, significantly increased TNF-a bioactivity after four hours was found only after incubation with MMVF 21. This might indicate that measurements of TNF-a mRNA are more sensitive to detect the induction of TNF-a than are measurements of TNF-a bioactivity. These findings suggest that not only asbestos fibres, but also certain man made fibres are able to stimulate the formation of TNF-a by alveolar macrophages.
The finding that some fibres seemed more liable than others to stimulate production of TNF-a needs further examination. The different fibres were compared by examining the effect of a certain quantity of fibres; thus, no effort was made to compare equal numbers of fibres. Hence, it remains to be investigated which fibres would be most prone to stimulate production of TNF-a on a fibre number basis. The microscopic examination showed that the number of fibres were clearly highest in the case of SiCwh and lowest in the cases of MMVF 21, MMVF 22, and RCF 1, with the asbestos fibres in between. The stimulation of TNF-a seen with MMVF 21 and RCF 1 can therefore not be explained by larger numbers of fibres in these cases. Further investigations must be carried out to clarify the mechanisms by which different fibres may stimulate production of TNF-a.
Our results suggest that even a short exposure (two to four hours) of macrophages to fibres is sufficient to stimulate the production of TNF-a. Brody et al showed that as little as one hour of exposure to chrysotile is enough to cause a fibroproliferative response in the airways of rats.'4 The increased production of TNF-a may contribute to this response. The quantity of TNF-a released was within the range of 50-500 U/ml, which accords well with previously reported concentrations for high doses of chrysotile A.9 Interestingly, this corresponds to the dose of TNF-a that exerts maximal growth stimulating activity on human fibroblasts.' Due to variations in the absolute amounts of TNF-a in the different experiments the data were expressed as percentages of the control value in each experiment. The reason for this variation is unclear. Even although we were not able to detect any LPS in the fibre suspensions or in the medium, we cannot exclude the possibility that small amounts of LPS were present and that this could have contributed to the TNF-a found in both unstimulated and stimulated cells. Nevertheless, the macrophages were still able to produce significantly more TNF-a after stimulation with 1 ,ug/ml of LPS, implying that there was less than maximal stimulation of production of TNF-a caused by endotoxin in the medium.
We have thus obtained some evidence to indicate that not only natural mineral fibres but also certain man made mineral fibres are able to induce the formation and release of TNF-a by alveolar macrophages in vitro. The biological implications of this finding are unclear. Recently, a ceramic aluminium silicate fibre (as well as chrysotile A) was found to stimulate the formation of TNF-a by rat alveolar macrophages in vitro after exposure to cigarette smoke in vivo,25 and rock wool has previously been shown to act synergistically with cigarette smoke to cause oxidant mediated damage to DNA.'6 Moreover, intratracheal instillation of silicon carbide whiskers in rats seems to cause chronic inflammation with increased numbers of macrophages and neutrophils.'7 Altogether, these findings point to the possibility that several man made fibres may act as inflammatory agents in the respiratory tract. The reasons why some fibres may be more inflammatory than others remain unresolved. Also, it should be emphasised that the results of our investigation are based on investigations in vitro and that further studies in vivo are needed to examine the potentially toxic effects of man made mineral fibres.
